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894Objectives: Delayed sternal closure after pediatric cardiac surgery can temporarily impair cardiac output. Cere-
bral and somatic regional oxygen saturation measured by using near-infrared spectroscopy (NIRS) have been
used as potential surrogates of cerebral and somatic mixed venous oxygen saturation. We hypothesized that
cerebral and somatic regional oxygen saturation correlate with indicators of hemodynamic compromise after
delayed sternal closure in children undergoing cardiac surgery.
Methods: We studied 36 postoperative children (median age, 10 days; range, 1–510 days) undergoing delayed
sternal closure 3.7  2 days after cardiac surgery. Twenty-five had biventricular physiology, whereas 11 had sin-
gle-ventricle physiology. Cerebral regional oxygen saturation, somatic regional oxygen saturation, and other
physiologic parameters (hemodynamic data, respiratory data, blood gas analysis, lactate levels, and inotrope
scores) were analyzed at 16 different time points 24 hours before and after sternal closure. One-way analysis
of variance and the paired t test were used for statistical comparisons.
Results: Cerebral and somatic regional oxygen saturation decreased after delayed sternal closure compared with
preclosure levels (P¼ .02 and P¼ .01, respectively). Higher heart rate (P¼ .03), lactate levels (P¼ .02), and left
atrial pressure (P¼ .001) were also noted, suggesting mild hemodynamic compromise. Arterial pressure and ino-
trope score were unchanged. Somatic regional oxygen saturation returned to preclosure levels earlier in the biven-
tricular group than in the single-ventricle group, whereas cerebral regional oxygen saturation remained decreased
after sternal closure with no evidence of return to preclosure levels during the observation period. Oxygen satu-
ration, PaO2, and PaCO2 levels were unaffected by sternal closure, although greater positive-pressure ventilation
was required (P< .01), suggesting reduced lung compliance.
Conclusion: Cerebral and somatic regional oxygen saturation decrease after delayed sternal closure in children
recovering from congenital cardiac surgery. These indices are in agreement with other physiologic indicators of
cardiac performance, suggesting mild and transient hemodynamic compromise after sternal closure. Cerebral and
somatic regional oxygen saturation monitoring might be a useful adjunct during delayed sternal closure. (J Thorac
Cardiovasc Surg 2010;139:894-900)Delayed sternal closure has been used successfully in chil-
dren undergoing complex cardiac procedures.1,2 Previous
reports have shown that delayed sternal closure can result
in a transient decrease in hemodynamic performance.1
Therefore delayed sternal closure could represent a period
of relative brain and other end-organ vulnerability to
reduced oxygen delivery.
Near-infrared spectroscopy (NIRS) is a noninvasive tech-
nique that monitors regional oxygen saturation (rSO2) in the
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rSO2 has been used as surrogate indicator of mixed venous
oxygen saturation.4 The value and limitations of this tech-
nology have been investigated in a variety of clinical5-9
and experimental10-12 situations but not in the setting of
delayed sternal closure.
In this study we used NIRS technology to monitor cere-
bral and somatic (kidney) rSO2 values before and after
delayed sternal closure in children undergoing surgical inter-
vention for congenital heart disease. We hypothesized that
changes in cerebral and somatic rSO2 values correlate with
indicators of hemodynamic compromise after delayed ster-
nal closure.MATERIALS AND METHODS
Study Design
The study was designed in such a way that preclosure physiologic and
biochemical parameters were compared with postclosure parameters, with
each patient serving as his or her own control subject. Children who
received delayed sternal closure (study group) were not compared with
those who received sternal closure in the operating room because in ourery c April 2010
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ANOVA ¼ analysis of variance
NIRS ¼ near-infrared spectroscopy
rSO2 ¼ Regional oxygen saturationTABLE 1. Clinical variables of the patient population
Variable
Single-ventricle
group
Biventricular
group All patients
No. of patients 11 25 36
Weight (kg), mean
(range)
2.8 (2–3.5) 3.92 (2–9) 3.6 (2–9)
Patient age (d),
mean (range)
8.1 (1–20) 79.7 (1–510) 60.1 (1–510)
Time of the
delayed sternal
closure (d),
means (range)
5 (2–8) 3.2 (1–8) 3.7 (1–8)
Successful closure 9/11 (82%) 25/25 (100%) 34/36 (94%)
Sternal wound
infection
1/11 (9%) 2/25 (8%) 3/36 (8%)
Bypass time (min),
mean (range)
144 (0–255) 151 (0–249) 149 (0–255)
Aortic crossclamp
time (min),
mean (range)
49 (0–107) 76 (0–124) 68 (0–124)
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Dprogram the vast majority of neonates (the dominant group in this study) are
treated with delayed sternal closure.
After obtaining institutional review board approval, we retrospectively
reviewed 36 children who underwent pediatric cardiac surgery from 2005
to 2008 in whom an open-chest approach was used. Those in whom postop-
erative rSO2 data had been monitored and were available for review were
included in the study. The median age was 10 days (mean, 60 days; range,
1–510 days), and the relative age distribution was as follows: 28 neonates
(0–1 month; 77%), 6 infants (1–12 months; 16%), and 2 children (>1
year; 5%).
All children were managed initially by using the open-chest approach
followed by delayed sternal closure in the pediatric intensive care unit 3.7
 2 days after cardiac surgery. Delayed sternal closure was routinely per-
formed with fentanyl-induced anesthesia and a neuromuscular blocking
agent. Neuromuscular blockade was discontinued after sternal closure in
the majority of cases. Physiologic parameters and rSO2 trends were closely
monitored after chest closure. The decision to reopen the chest was based on
clinical and physiologic changes, as well as rSO2 trends, and not on any spe-
cific protocol.
Data Collection and Statistical Analysis
Standard postoperative monitoring included physiologic data (systemic
arterial pressure, left atrial pressure, and urinary output), respiratory data
(PaO2, PaCO2, oxygen saturation, base excess, fraction of inspire oxygen
[FIO2], and respiratoryDP), laboratory data (hemoglobin and lactate values),
and inotrope score (dopamine, epinephrine, and milrinone). The inotrope
score was calculated as follows:
Inotrope score ¼ ðDopamine infusion rate31Þþ
ðMilrinone infusion rate310Þþ
ðEpinephrine infusion rate3100Þ:
Cerebral rSO2, somatic rSO2, and other physiologic parameters (hemody-
namic and respiratory data, blood gas analysis, lactate levels, and inotrope
scores) were measured at 16 time points 24 hours before chest closure
(24 hours,18 hours,12 hours,6 hours, and2 hours), at chest closure
(0 hours), and after chest closure (þ1 hour,þ2 hours,þ3 hours,þ4 hours,
þ5 hours,þ6 hours,þ8 hours,þ12 hours,þ18 hours, andþ24 hours).
A commercially available device (INVOS 5100B Cerebral Oxymeter;
Somanetics Corp, Troy, Mich) was used to monitor rSO2 values in the fron-
tal cerebral cortex and in the right flank (right kidney area) during surgical
intervention and throughout the postoperative period. This technology has
been described previously.3 A 30-mm patch containing the NIRS-emitting
source and sensor was placed on the forehead and flank and connected to the
infrared spectrophotometer unit. The NIRS probe measures cerebral rSO2
values by subtracting superficial light-scattering signals that originate
from extracranial tissues. The device monitor displays data continuously,
although for the statistical analysis, we used rSO2 data collected at selected
time points.
Physiologic data were expressed as means standard errors of the mean.
One-way repeated-measures analysis of variance (ANOVA) was used to
detect an increase or decrease in cerebral rSO2, somatic rSO2, and other phys-
iologic data obtained at selected time points during the study. The 2-tailed
paired t test was also used to compare measurements obtained before and
after chest closure.The Journal of Thoracic and CaRESULTS
Thirty-six children underwent cardiac surgery with
delayed sternal closure (Table 1). Of these, 25 had biventric-
ular physiology, and 11 had single-ventricle physiology
(Table 2). Ten of the 11 children in the single-ventricle
group had a stage 1 Norwood procedure (Table 2). Extracor-
poreal membrane oxygenation was used in 2 patients in this
group in combination with the open-chest approach. Chest
closure was successful in 34 (94.4%) of the 36 patients,
whereas chest reopening was required in 2 patients. Both
patients had single-ventricle circulation and required chest
reopening because of hemodynamic compromise approxi-
mately 1 and 30 hours after closure, respectively. In the
patient who required reopening at 30 hours, rSO2 values
decreased after closure and improved after the chest was
reopened (Figure 1).
Changes in cerebral and somatic rSO2 values in the entire
cohort are shown in Figure 2. Absolute values of rSO2 were
lower in the single-ventricle group compared with those seen
in the biventricular group, as expected because of the pres-
ence of physiologic hypoxemia. Cerebral and somatic rSO2
values decreased after sternal closure (P ¼ .02 and P ¼
.01, 1-way ANOVA, respectively), whereas partial recovery
was noted atþ16 hours after sternal closure for somatic but
not for cerebral rSO2 values. When cerebral rSO2 trends were
analyzed separately in the biventricular and single-ventricle
groups (Figure 3), we found that cerebral rSO2 values
decreased after sternal closure in the biventricular group
(P ¼ .04, 1-way ANOVA). In the single-ventricle group
rSO2 changes were not statistically significant (P ¼ .2,
1-way ANOVA), although cerebral rSO2 values were lower
atþ6 hours versus6 hours, as shown in Figure 2 (P ¼ .02).rdiovascular Surgery c Volume 139, Number 4 895
TABLE 2. Patients’ clinical diagnoses and corresponding operative procedures (in parentheses)
Diagnosis No. of patients
Biventricular heart defects
Coarctation of the aorta and hypoplastic aortic arch  VSD (arch repair  VSD closure) 6
D-transposition of the great arteries with intact ventricular septum (arterial switch) 7
Truncus arteriosus (complete repair of truncus) 3
Double-outlet right ventricle with pulmonary stenosis/atresia (complete biventricular repair) 2
Total anomalous pulmonary venous connection (complete repair) 2
Pulmonary atresia/VSD (complete biventricular repair) 1
Interrupted aortic arch with aortopulmonary window (complete repair) 1
Complete atrioventricular septal defect (complete repair) 1
VSD and partial anomalous pulmonary venous connection (complete repair) 1
Dilated cardiomyopathy (heart transplantation) 1
Total 25
Single-ventricle heart defects
Unbalanced atrioventricular septal defect and heterotaxy (stage 1 Norwood procedure) 3
Hypoplastic left heart syndrome (stage 1 Norwood procedure) 3
Tricuspid atresia with hypoplastic aortic arch (arch repair and aortopulmonary shunt) 1
Aortic atresia (stage 1 Norwood procedure) 1
Double-outlet right ventricle with hypoplastic left ventricle (stage 1 Norwood procedure) 2
Double-inlet left ventricle (stage 1 Norwood procedure) 1
Total 11
VSD, Ventricular septal defect.
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DRegarding recovery, the decrease in cerebral rSO2 values
observed in the biventricular group stabilized shortly after
chest closure, whereas the negative trend was persistent at
þ24 hours in the single-ventricle group.
With respect to somatic rSO2 values in the biventricular
and single-ventricle groups (Figure 4), values were
unchanged after sternal closure in both the biventricular
(P ¼ .11, 1-way ANOVA) and single-ventricle (P ¼ .06,
1-way ANOVA) groups, although lower rSO2 values were
noted at selected time points (6 hours vsþ6 hours) by using
the paired t test. Regarding recovery, somatic rSO2 values0
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FIGURE 1. Changes over time in cerebral and somatic regional oxygen
saturation (rSO2) values in a neonate with single-ventricle circulation at
the time of delayed sternal closure. Cerebral and somatic regional oxygen
saturation values decrease after chest closure (at 0 hours) caused by low car-
diac output and improve after sternal reopening approximately 30 hours
later.
896 The Journal of Thoracic and Cardiovascular Surgrecovered atþ4 hours after chest closure in the biventricular
group, whereas recovery occurred later (þ18 hours) in the
single-ventricle group.
Table 3 summarizes changes in rSO2 values and key phys-
iologic parameters before and after chest closure. All preclo-
sure measurements were pooled and compared with pooled
postclosure measurements. Statistical comparisons were
made by using the paired t test.
With respect to changes in key physiologic parameters
over time (Figure 5), we found that although mean blood
pressure and inotrope scores were unchanged over time,
heart rate and left atrial pressure increased after chest clo-
sure. A mild and transient decrease in pH and increase in
base deficit were also noted, with normalization of these
parameters occurring at approximatelyþ6 hours after clo-
sure. The levels of PaO2 and PCO2 were unaffected by chest
closure, although positive-pressure ventilation was
increased (higher DP) after chest closure, suggesting
a decrease in total lung compliance.DISCUSSION
The primary focus of this investigation was to establish
the role of cerebral and somatic rSO2 monitoring in detect-
ing changes in hemodynamic performance after delayed
sternal closure in children undergoing congenital heart sur-
gery. The major findings of this study were that (1) the de-
crease in hemodynamic performance after delayed sternal
closure was mild and transient, as suggested by changes
in left atrial pressure, base deficit, and lactate levels, which
normalized 6 to 12 hours after chest closure, in theery c April 2010
FIGURE 2. Trends in cerebral and somatic regional oxygen saturation values in all patients before and after sternal closure. The 0 on the x-axis (time in
hours) corresponds to the time of chest closure. Cerebral (P¼ .02, analysis of variance) and somatic (P¼ .01, analysis of variance) regional oxygen saturation
values decreased after delayed sternal closure. The paired t test was performed to compare data at2 hours versusþ2 hours and6 hours versusþ6 hours.NIRS,
Near-infrared spectroscopy.
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urine output; (2) cerebral and somatic rSO2 values de-
creased after delayed sternal closure; (3) somatic rSO2
values returned to preclosure levels earlier in the biventric-
ular group than in the single-ventricle group; and (4) cere-
bral rSO2 values remained decreased after sternal closure
with no evidence of return to preclosure levels during
the observation period.
Detection of cerebral hypoxia is important to reduce the
risk of adverse neurologic outcomes in children with
congenital heart disease.7 Cyanotic children with single-
ventricle physiology might be especially vulnerable to ce-
rebral hypoperfusion because they are hypoxemic and
have limited cardiac reserve.9,10 Clinically, cerebral rSO2FIGURE 3. Trends in cerebral regional oxygen saturation values in the biventric
x-axis (time in hours) corresponds to the time of chest closure. Cerebral regional
group (P¼ .04, analysis of variance) but not in the single-ventricle group (P¼ .2
hours versusþ2 hours and6 hours versusþ6 hours. NIRS, Near-infrared spectr
The Journal of Thoracic and Camonitoring with algorithms for interventions have been
proposed as a tool to reduce the incidence of postoperative
neurologic complications in congenital heart surgery.7
Other end-organ damage is also a known complication
of patients undergoing congenital heart surgery. Because
delayed sternal closure can affect cardiac output, renal
hypoperfusion during this period can have an additive det-
rimental effect on kidney function and postoperative mor-
bidity. Previous clinical studies have shown that cerebral
and somatic rSO2 values can be used as surrogate indica-
tors of central and cerebral venous oxygen saturation.5,6
As previous studies have suggested, absolute numeric
values of rSO2 are of less importance than trends in rSO2
over time.10-12ular and single-ventricle groups before and after sternal closure. The 0 on the
oxygen saturation values decreased after sternal closure in the biventricular
, analysis of variance). The paired t test was performed to compare data at2
oscopy.
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FIGURE 4. Trends in somatic regional oxygen saturation values in the biventricular and single-ventricle groups before and after sternal closure. The 0 on the
x-axis (time in hours) corresponds to the time of chest closure. As determined by using analysis of variance, there was no significant change in somatic regional
oxygen saturation values in the biventricular (P ¼ .11) and single-ventricle (P ¼ .06) groups. The paired t test was performed to compare data at2 hours
versusþ2 hours and6 hours versusþ6 hours. NIRS, Near-infrared spectroscopy.
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DThe findings of our study are similar to those of Tabbutt
and colleague,1 showing significant increases in left atrial
pressure and heart rate in combination with lower arterial
pH and mild lactate acidosis after delayed sternal closure,TABLE 3. Changes of physiologic variables before and after sternal closu
Single-ventricle group
Variable Before After t Test Befor
NIRS
NIRS, brain (%) 52.7  8.8 47.7  8.2 P< .001 66.7 
NIRS, somatic (%) 65.3  11 57.3  11.1 P< .001 78.4 
Hemodynamic variables
LAP (mm Hg) 9.2  3.7 11.3  3.6 P ¼ .003 7.8 
CVP (mm Hg) 13.1  6.9 13.1  3.5 P ¼ .57 10 
Systolic BP (mm Hg) 80  16.3 79.4  15.1 P ¼ .96 79.2 
Diastolic BP (mm Hg) 45.3  7.7 46.4  9.5 P ¼ .58 47 
Mean BP (mm Hg) 58  11.4 58.8  10.5 P ¼ .56 59 
Heart rate (beats/min) 165.4  12.2 170.3  124 P ¼ .015 154.4 
Metabolic variables
pH 7.39  0.06 7.36  0.07 P ¼ .004 7.42 
Base deficit 1.7  4.8 0.2  3.4 P ¼ .02 2.2 
Lactic acid (mM/dL) 2.2  1 3.1  2.6 P ¼ .2 1.4 
Hematocrit (%) 42.5  4.7 44.2  5.1 P ¼ .06 41.3 
Urine output (mL/d) 433  154 351  124 P ¼ .18 416 
Inotrope score* 12.4  3.1 13.8  2.9 P ¼ .007 9.7 
Respiratory variables
PaO2 (mm Hg) 40.8  4.2 39.6  4.3 P ¼ .13 118.8 
PaCO2 (mm Hg) 44.1  6.6 45.1  7.1 P ¼ .42 41.9 
Oxygen saturation (%) 76.8  5.7 75.1  7.5 P ¼ .14 97.1 
FIO2 (%) 40.1  15.6 45.1  17.8 P ¼ .07 44.7 
DP (cm H2O) 18.6  3.9 22.5  4.9 P< .001 18.2 
Tidal volume (mL) 40.7  12.1 41.6  7.9 P ¼ .18 47.7 
Data are expressed as means  standard deviations. All preclosure and postclosure measur
NIRS, Near-infrared spectroscopy; LAP, left atrial pressure; CVP, central venous pressu
* Inotrope score ¼ ðDopamine infusion rate31ÞþðMilrinone infusion rate310ÞþðEpine
898 The Journal of Thoracic and Cardiovascular Surgwhich is overall suggestive of a decrease in hemodynamic
performance after sternal closure. However, in our patients
the magnitude of such a decrease seemed modest, as sug-
gested by preservation of physiologic parameters, such asre
Biventricular group All patients
e After t Test Before After t Test
10.4 61.3  10.6 P< .001 62.4  11.8 56.9  11.8 P< .001
11.2 73  12.2 P< .0 01 75.1  12.5 68.8  13.8 P< .001
3.2 8.8  2.7 P ¼ .01 8.2  3.4 9.5  3.2 P ¼ .04
2.9 10.3  3.5 P ¼ .44 10.9  4.7 11.2  3.8 P ¼ .25
16.1 80.7  14.4 P ¼ .23 79.5  16.2 80.3  14.6 P ¼ .34
9.1 49.6  11.1 P ¼ .06 46.5  8.7 45.6  10.6 P ¼ .07
10.9 59.9  10.4 P ¼ .29 58.7  11 59.5  10.4 P ¼ .24
15.2 158.8  21.5 P< .001 157.8  15.2 162.5  19.8 P< .001
0.06 7.44  0.06 P ¼ .01 7.41  0.06 7.41  0.08 P ¼ .68
3.9 2.4  4.2 P ¼ .7 2.1  4.2 1.5  4.1 P ¼ .17
1.2 1.7  0.8 P ¼ .97 1.9  1.1 2.7  2.1 P ¼ .025
5.5 41  4.8 P ¼ .69 41.7  5.3 42.1  5.2 P ¼ .46
214 488  257 P ¼ .19 422  195 445  231 P ¼ .57
3.2 10.1  3.7 P ¼ .49 10.6  3.9 11.3  3.8 P ¼ .09
58 117.7  47 P ¼ .66 96.8  60.3 93.3  53.5 P ¼ .56
6.7 40.25  6.8 P ¼ .03 42.6  6.8 41.8  7.3 P ¼ .21
3.2 97.5  3.7 P ¼ .007 90.9  10.2 90.4  11.6 P ¼ .29
10.7 47.8  10.7 P< .001 43.1  12.5 47.3  17.2 P< .001
3.5 19.8  3.9 P< .001 18.3  3.6 20.7  4.4 P< .001
20.1 46.5  19.6 P ¼ .66 45.5  18.2 45.1  17.1 P ¼ .79
ements were grouped together and compared by using the paired t test.
re; BP, blood pressure; FIO2, fraction of inspired oxygen; DP, change in pressure.
phrine infusion rate3100Þ .
ery c April 2010
FIGURE 5. Changes over time in key physiologic parameters. The 0 on the x-axis (time in hours) corresponds to the time of chest closure. The paired t test
was performed in selected cases to compare data at2 hours versusþ2 hours and6 hours versusþ6 hours. BP, Blood pressure; LA, left atrial; ANOVA, analysis
of variance; delta P, change in pressure.
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Dsystemic arterial pressure and hourly urine output, in the face
of unchanged inotrope scores. The corresponding decrease
in cerebral and somatic rSO2 values after sternal closure
noted in our children was statistically significant when all
children in the study group were analyzed together (Fig-
ure 2). However, when the biventricular and single-ventricle
groups were analyzed separately, cerebral rSO2 values were
lower after sternal closure in the biventricular group but not
in the single-ventricle group by using 1-way ANOVA,
although a difference was found in this group between6
hours andþ6 hours from chest closure (paired t test, Fig-
ure 3). This finding might seem surprising because the
single-ventricle group would be expected to be more vulner-
able to a decrease in rSO2 values after sternal closure because
of limited cardiac output reserve compared with patients
with biventricular physiology. In terms of absolute cerebral
rSO2 numeric values in the single-ventricle group, our dataThe Journal of Thoracic and Caare consistent with those of Li and associates,13 who inves-
tigated trends in cerebral rSO2 values in neonates with hypo-
plastic left heart syndrome after the stage 1 Norwood
procedure. It is possible that the relatively small number of
children in the single-ventricle group and the considerable
data variability might have limited our ability to detect a sta-
tistically significant difference using ANOVA, although we
found a difference when comparing preclosure and postclo-
sure numeric values at selected time points, as shown in
Figure 3 and Table 3. Significant interindividual and intrain-
dividual variability in rSO2 values, which was common in
our study and in others,13 can limit ANOVA in a small study
group. Of importance was the fact that cerebral rSO2 values
seemed to continue to decrease late after sternal closure in
the single-ventricle group, with no evidence of recovery at
þ24 hours after closure (Figure 2). In contrast, somatic
rSO2 values seemed to normalize after chest closure,rdiovascular Surgery c Volume 139, Number 4 899
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Dalthough this occurred earlier in the biventricular group ver-
sus the single-ventricle group (Figure 3). At present, the phe-
nomenon of a lack of cerebral rSO2 recovery after chest
closure remains incompletely understood. In our single-ven-
tricle group changes in rSO2 values occurred without corre-
sponding changes in arterial oxygenation. This would
suggest that changes in cerebral rSO2 values were caused
by a decrease in cerebral blood flow, an increase in brain
metabolic activity after chest closure, or both.10 The fact
that neuromuscular blockade was routinely discontinued af-
ter chest closure could have played a role in increasing cere-
bral metabolic activity, increasing cerebral oxygen demand,
and decreasing rSO2 values. However, this must be accom-
panied by some form of cardiac insufficiency that would
normally compensate for this increase in metabolic rate,
therefore leading to a relative mismatch in cerebral oxygen
supply and demand and maintaining lower cerebral rSO2
values.LIMITATIONS
We acknowledge that our study has several limitations.
The pitfalls of rSO2 monitoring have been investigated
widely.3,4,10,14 Weaknesses of our study also include the
retrospective nature of the review, the variability of the
physiologic and rSO2 data, and the small size of the study
group. Also, the fact that a control group was not available
(in our program most neonates, the dominant group in the
study, are managed with delayed sternal closure) might be
viewed as a limitation, although in our study each patient
served as his or her own control subject when comparing
preclosure versus postclosure parameters. Additional limi-
tations relate to limited data completeness for certain bio-
chemical markers not available at all time points (lactate
levels). Other weaknesses involve the potential effect of
other physiologic changes on rSO2 values (ie, possible
changes in endogenous catecholamines over time) or phar-
macologic changes (ie, discontinuation of neuromuscular
blockade after chest closure), which our study was not
able to address.CONCLUSIONS
Notwithstanding these limitations, we can conclude that
cerebral and somatic rSO2 values decrease after delayed ster-
nal closure in children undergoing complex congenital heart
surgery. In our study rSO2 changes were found to be associ-
ated with a modest and transient decrease in hemodynamic
performance, as indirectly suggested by concomitant
changes in other physiologic indicators of cardiac perfor-
mance. The decrease in somatic rSO2 values seemed to nor-
malize earlier in the biventricular group compared with900 The Journal of Thoracic and Cardiovascular Surgvalues seen in the single-ventricle group, whereas no mean-
ingful recovery was observed for cerebral rSO2 values after
chest closure. Although these trends require further investi-
gation, it is possible that concomitant physiologic or
pharmacologic changes, such as discontinuation of neuro-
muscular blockade and marginal cardiac output reserve lead-
ing to an imbalance in cerebral oxygen supply and demand,
can explain, at least in part, the lack of recovery of cerebral
rSO2 compared with somatic rSO2 values in the postclosure
period. Based on these observations, we have incorporated
rSO2 monitoring into our practice and use this technology
in combination with other indirect markers of cardiac output
and tissue perfusion when making clinical decisions at the
time of chest closure.References
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